Objective To analyze the posteffects of a single bout of resistance exercise on cardiovascular parameters in patients with peripheral artery disease (PAD).
Introduction
Peripheral artery disease (PAD) refers to an occlusion of artery blood flow [1] , mainly caused by an atherosclerotic process located in the lower limbs [2] . This occlusion promotes an imbalance between the oxygen demand and supply to the lower limbs [3] , leading to pain in the legs during effort, known as intermittent claudication. PAD affects between 3 and 10% of the general population and more than 20% of the population older than 70 years of age [4] . In Brazil, PAD affects 10.5% of the population older than 18 years of age [5] . In addition, 10-35% of the PAD patients have intermittent claudication symptom [6] .
Hypertension affects more than 80% of PAD patients, which partially explains the elevated rates of cardiovascular mortality observed in these patients [7, 8] . A previous study observed that in PAD patients, the risk of cardiovascular mortality increases 32% for each 10 mmHg increase in blood pressure (BP) [9] . Therefore, interventions aiming to decrease BP and cardiovascular risk are desirable for PAD patients [10] [11] [12] .
Lifestyle modifications including smoking cessation and physical activity practice have been recommended to improve walking capacity and control cardiovascular risk factors in PAD patients [13] [14] [15] [16] [17] . In addition, resistance exercise has been recommended for PAD patients because they are known to have decreased leg strength and muscle atrophy [8, [18] [19] [20] . A single bout of resistance exercise induces a marked decrease in BP among individuals with hypertension [21] [22] [23] [24] [25] . This decrease ranges from 8.0 to 12.6 mmHg and from 4.6 to 9.0 mmHg for systolic and diastolic BP, respectively, and it can be maintained for up to 10 h after exercise while individuals perform daily activities [21] [22] [23] [24] [25] . Therefore, this response has been considered clinically significant as it reduces BP for a prolonged period of time after exercise [24] . However, whether similar cardiovascular responses are observed in PAD patients is still unknown.
In a previous study [12] , we observed that a single bout of resistance exercise (six upper and lower limb exercises, three sets of 12, 10, 8 repetitions, perceived exertion between 11 and 13 on the Borg scale) decreased systolic and diastolic BP during the recovery period in medicated and nonobese PAD patients of both sexes, mean age 64.4±6.6 years. This reduction was observed for 1 h after the exercise while the patients were seated in the laboratory. However, whether this hypotensive response is maintained under daily activities has not been established yet, limiting the clinical applicability of this finding. Long-term hypotensive effects have been observed following resistance exercise in nonobese hypertensive women receiving antihypertensive drugs after performing three sets of 20 repetitions at 40% of 1 maximal repetition (1 RM) in six resistance exercises for the entire body [24] . As most of the PAD patients are hypertensive and receive antihypertensive therapy, it is possible that they also present a long-term reduction in BP after a single bout of resistance exercise.
Heart rate is typically increased until 90 min after a single bout of resistance exercise [26] [27] [28] because of a resetting of baroreceptors [26] . Although this is a physiological response, the postexercise tachycardia may increase myocardial oxygen demand and trigger cardiac events in predisposed patients [27] , which may be important in PAD patients as coronary artery disease is highly prevalent in PAD patients [28] . However, heart rate response after exercise depends on exercise intensity [29, 30] , and thus, after low-intensity resistance exercise, should have a minimal influence on heart rate and myocardial oxygen demand. Thus, the understanding of the effects of resistance exercise on rate-pressure product is clinically relevant and positive effects on this variable might influence the cardiovascular risk of PAD patients. Interestingly, no previous study has analyzed the effects of a single bout of resistance exercise on 24 h heart rate and rate-pressure product in PAD patients.
The aim of this study was to analyze the posteffects of a single bout of resistance exercise on cardiovascular parameters in patients with PAD. The hypothesis was that a single bout of resistance exercise would reduce BP and increase heart rate for several hours after exercise; however, the rate-pressure product would remain reduced, indicating that resistance exercise decreased myocardial oxygen demand in PAD patients.
Materials and methods

Recruitment
Patients with PAD were recruited from public hospitals and private vascular clinics. Patients with PAD and symptoms of claudication were included if they (a) had an ankle-brachial index of up to 0.90, (b) had a graded treadmill test limited by claudication, (c) were nonobese, (d) were not performing any regular exercise program, (e) were not using antihypertensive medications that affect heart rate responses to exercise (b-blockers and nondihydropyridine calcium channel blockers), (f) had systolic BP less than 160 mmHg and diastolic BP less than 105 mmHg, and (g) had no symptoms of myocardial ischemia during the treadmill test. Seventeen patients were considered eligible for the study. However, only 15 of them agreed to use the ambulatory BP monitor. This study was approved by the Joint Committee on Ethics of Human Research of the University (process 0134/09). Each patient was informed of the risks and benefits involved in the study and signed a written informed consent before participation.
Participants' screening and preliminary testing Before the study, patients' BP was measured in both arms to determine in which arm the ambulatory BP monitor would be placed. In addition, all the patients performed a progressive cardiopulmonary treadmill test until maximal claudication pain as described previously for these patients [31] . During the test, ECG was monitored continuously. Claudication onset time and peak walking time were defined, respectively, as the time walked until the patient first reported pain in the leg and the time they were unable to continue exercise because of leg pain.
Familiarization to resistance exercises
Before the experiments, patients underwent two familiarization sessions designed to standardize resistance exercises. In each session, patients executed the following exercises: bench press, knee extension, seated row, knee curl, frontal rise, and standing calf raise. In each exercise, they performed three sets of 10 repetitions with the minimum load allowed by the machines.
Identification of the loads used in the experimental sessions
After familiarization, participants underwent up to four sessions to identify the load that would be used in the experimental sessions. During these sessions, the load corresponding to a rate of perceived exertion between 5 and 7 on the OMNI resistance exercise scale (OMNI-RES) [32] was determined for each exercise, as described previously [33] . The OMNI-RES has a direct relationship with the Borg scale that has been used widely to assess the rate of perceived exertion [34] . Briefly, OMNI-RES included 10 levels of perceived exertion defined by the subjective intensity of effort, strain, discomfort, and/or fatigue experienced during the exercise task. The levels of 5-7 on the OMNI scale corresponded to moderate exertion [32] .
Once the workload for an exercise was determined in one session and confirmed in the next one, this exercise was not performed anymore until the experimental sessions. In the scientific literature, exercise intensity is usually determined on the basis of a percentage of 1 RM instead 24-h BP after resistance exercise in PAD Rodrigues et al. 65
of the OMNI scale. Thus, to compare the correspondence between the exercise intensity established by 5-7 in the OMNI scale and the percentage of 1 RM, a subset of eight patients underwent a 1 RM test following the Clarke protocol [35] in four of the proposed exercises (bench press, knee extension, seated row, and frontal rise). In these exercises, the workloads corresponded, respectively, to 68.2, 68.7, 64.9, and 76.5% of 1 RM.
Experimental protocol
Patients underwent two experimental sessions in a random order: control (C) and resistance exercise (R). Each session was initiated between 7 and 8 a.m., and an interval of 7 days was maintained between them. Patients were instructed to have a light meal before the experiments, to avoid physical exercise and alcohol ingestion for at least the preceding 48 h, and to avoid caffeine in the preceding 24 h and smoking before the experiments.
In each experimental session, patients rested in the seated position for 20 min (preintervention) in a quiet room. During this period, clinic BP and heart rate were measured in the laboratory by the same observer, who was blinded to which session the participant was going to perform. Auscultatory BP was assessed using a mercury column sphygmomanometer (Unitec, São Paulo, Brazil) and a stethoscope (BIC, Itupeva, Brazil). Phases I and V of the Korotkoff sounds were established as the systolic and diastolic BP, respectively. At each time point, BP was assessed three times and the mean value was used for analysis. Heart rate was assessed immediately after BP measurement using a heart rate monitor (RS 800; Polar, New York, New York, USA). Rate-pressure product was obtained multiplying systolic BP by heart rate.
Patients then performed the interventions in an exercise room. Patients were blinded to which session they were going to perform until the beginning of the intervention. In the R session, patients performed three sets of 10 repetitions in the six resistance exercises mentioned above with a workload of 5-7 in the OMNI-RES scale. Intervals of 2 min were interspersed between the sets and exercises. The C session was similar to the R session; however, in this session, resistance exercises were performed without any load.
After the interventions, patients returned to a quiet room, where they remained seated for 60 min. BP and heart rate were obtained every 15 min using the same procedures as the pre-experimental period. Afterwards, an ambulatory BP monitor programmed to take measurements every 15 min for 24 h (Dynamapa; Cardios, Sao Paulo, Brazil) was attached to the patients' arm with the higher BP and a pedometer (DigiWalker SW-700; New Lifestyles Inc., Lees Sumit, Missouri, USA) was placed on their waist to assess cardiovascular responses and physical activity during 24-h daily activities.
Ambulatory blood pressure variables measurements
The mean BP for 24 h, awake, and sleep periods reported by the patients were calculated. Nocturnal BP fall was calculated in absolute values (mean awake -mean asleep BP). Morning surge was defined as the difference between the means of BP values obtained in the last 2 h of sleeping and the first 2 h after awakening.
Statistical analyses
The sample size was calculated statistically on the basis of a previous study [12] that observed a difference in systolic BP of 14±5 mmHg between C and R sessions, and, considering a power of 80% and an a error of 5%, was calculated to be 11 participants.
The Gaussian distribution and the homogeneity of variance of the data were analyzed using the ShapiroWilk and Levene tests. To analyze the changes in clinical cardiovascular variables after the interventions, the changes in variables measured at the laboratory were calculated (postintervention -preintervention) and a two-way analysis of variance for repeated measures was used, establishing sessions (C and R) and time (preintervention and postintervention) as the main factors.
Data of cardiovascular variables during daily activities were averaged in hours and compared between the sessions using a two-way analysis of variance for repeated measures, establishing sessions (C and R) and hours as the main factors. To compare the mean ambulatory BP values (24-h, awake, asleep, nocturnal BP fall, and BP morning surge), a paired Student t-test was used.
For all analyses, P less than 0.05 was considered as statistically significant, and post-hoc comparisons were performed using the Newman-Keuls test whenever necessary. Data are presented as mean±SE.
Results
The characteristics of the PAD patients are shown in Table 1 . They were mostly elderly, female, and hypertensives. Their mean systolic and diastolic BP levels were 135±3 and 77±3 mmHg, respectively, and 70.6% of them were receiving antihypertensive medication, with four patients taken two drugs simultaneously.
Eight patients initiated the protocol with the C session and nine with the R session. In the R session, the loads corresponding to a rate of perceived exertion of 5-7 in OMNI-RES were 23.2±2.1 kg for bench press, 17.8±1.2 kg for knee extension, 32.9±1.9 kg for seated row, 5.9±0.7 kg for knee curl, 4.9±0.4 kg for frontal rise, and 6.7±1.0 kg for standing calf raise.
Systolic BP, diastolic BP, heart rate, and rate-pressure product measured before the interventions were similar between the C and the R sessions (123.6±2.5 vs. 128.8±2.8 mmHg, 79.5±5.2 vs. 78.6±4.6 mmHg, 82.8±3.1 vs. 85.4±3.8 bpm, and 10 203±374 vs. 10 922±408 mmHg Â bpm, respectively, P > 0.05). Cardiovascular responses measured in the laboratory during the first hour after the C and R sessions are presented in Fig. 1 . In comparison with the preintervention values, systolic BP increased after the C session (P < 0.01) and decreased after the R session (P < 0.01), whereas diastolic BP increased similarly after both sessions (P < 0.01). Heart rate decreased after the C session throughout the recovery period (P < 0.01) and decreased at 50 min of recovery after the R session (P < 0.01). Thus, rate-pressure product did not change after the C session (P > 0.05) and decreased after the R session (P < 0.01). Figure 2 presents the hour-to-hour cardiovascular responses after the experimental sessions. From the second hour until 23 h after exercise BP, heart rate and rate-pressure product were similar between R and C sessions (P > 0.05). Awake, asleep, and 24 h systolic and diastolic BP, as well as nocturnal BP fall and morning surge after the sessions were also similar between the R and C sessions ( Table 2 ).
These similar cardiovascular responses after the interventions were not caused by the different amounts of physical activity performed after the interventions (Table 2) as the daily number of steps performed by the patients was also similar between the R and the C sessions (P > 0.05).
Discussion
The main findings of this study are that, in PAD patients, (i) a single bout of resistance exercise decreased systolic BP, increased heart rate, and decreased rate-pressure product for the first hour of recovery in the laboratory and (ii) this session of resistance exercise did not alter Inhibitors of angiotensin-converting enzyme (n = 3) 17.6 Angiotensin receptor antagonist (n = 2) 11.8 Diuretics (n = 2) 11.8 Calcium channel blocker and diuretics (n = 2) 11.8 Angiotensin receptor antagonist and calcium channel blocker (n = 2)
11.8
Inhibitors of angiotensin-converting enzyme and diuretic (n = 1) 5.9 Angiotensin receptor antagonist and diuretics (n = 1) 5.9 Nonmedicated (n = 4) 23.5
Values are represented as means±SE. Systolic blood pressure (BP) (a), diastolic blood pressure (b), heart rate (c), and rate-pressure product (RPP) (d) measures after the control (white circle) and the resistance exercise (black circle) sessions (n = 17). *Significantly different from the preintervention value; wsignificantly different from the control session.
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cardiovascular variables during daily activities. Therefore, the acute cardiovascular benefits of resistance exercise in PAD patients were only short term and were not maintained under ambulatory conditions.
With respect to the decrease in clinic BP after resistance exercise, in a previous study with PAD patients [12] , we also observed a similar decrease in systolic BP during 60 min after exercise while the patients were seated in Ambulatory systolic blood pressure (BP) (a), diastolic blood pressure (b), heart rate (c), and rate-pressure product (RPP) (d) measured for 24 h after the control (white circle) and the resistance exercise (black circle) sessions (n = 15). the laboratory. Thus, the replication of these results with a different sample and exercise protocol strengthens the posthypotensive effects of resistance exercise in PAD patients. In previous studies, the decrease in BP after resistance exercise when the patients were in the laboratory has been attributed to a decrease in venous return [30, 36] that leads to an increase in heart rate. In addition, the reduction in BP deactivates baroreflex, also increasing the heart rate. Thus, both of these mechanisms may explain the maintenance of tachycardia in the first 30 min of recovery. Besides this increase, ratepressure product, an important marker of myocardial oxygen demand [31, 37] , decreased after exercise, indicating a beneficial effect of resistance exercise while the patients were in the laboratory.
Although postexercise hypotension was observed in the laboratory, it was not maintained under ambulatory conditions. Previous studies have observed that the hypotensive effect of resistance exercise was maintained for several hours during daily activities in medicated hypertensives [24, 25] . Melo et al. [24] , analyzing the effects of a single bout of resistance exercise on BP in hypertensive women using angiotension-converting enzyme inhibitors, observed a decrease in systolic BP until 10 h after a resistance exercise bout. Mota et al. [25] also observed a decrease in systolic BP until 7 h after a resistance exercise bout during a workday in hypertensive patients receiving b-blockers or calcium antagonists associated with an angiotensin-converting enzyme inhibitor. However, a maintenance of BP after resistance exercise during daily activities was observed in hypertensive patients not receiving antihypertensive drug therapy [22] . These results suggest that drug therapy is important to a long-term postexercise hypotensive effect. Considering that most of the patients with PAD were hypertensives and were under current antihypertensive drug therapy (Table 1) , we expected them to present a long hypotensive response, which did not occur.
The causes of the absence of ambulatory BP decrease after resistance exercise in PAD patients during daily activities were not assessed in this study. However, it is possible that the episodes of ischemia produced by walking throughout the monitoring period have influenced this response. Previous studies showed that PAD patients have exaggerated cardiovascular responses during walking [38, 39] , which have been attributed to an activation of pressor reflex caused by ischemia in lower limbs. This response might oppose the hypotensive effect of previous exercise. In addition, it is possible that daily walking activities also increased the systemic levels of inflammatory cytokines [40] , which stimulates vasoconstriction, also inhibiting the ambulatory hypotension. These possible mechanisms should be addressed directly in future studies.
The effects of resistance exercise on other parameters obtained from the ambulatory BP monitoring (nocturnal BP fall, mean BP, and morning surge) were assessed, and none of them were significantly different between the C and the R sessions. To our knowledge, this is the first study to describe the patterns of cardiovascular responses during 24-h after a resistance exercise session in patients with PAD, and future studies should be designed to understand the altered ambulatory pattern in these patients.
Patients with PAD present an increased cardiovascular risk [7] . Previous studies have reported a tachycardia after resistance exercise in healthy and hypertensive individuals [30, 41, 42] , which might be related to an increase in cardiovascular risk after exercise. In the present study, heart rate and rate-pressure product remained similar between C and R sessions during the ambulatory period. Considering that resistance exercise improves walking capacity [8, 43] , quality of life [44] , and muscle strength [8, 43] of PAD patients, the decrease in clinic BP and the maintenance of ambulatory myocardial oxygen demand after resistance exercise is relevant, supporting the safety of the resistance exercise for these patients.
Normotensive and hypertensive individuals were included in the study as postexercise hypotension has been reported in both groups. We carried out an additional analysis comparing the changes observed after exercise in the normotensive and hypertensive patients, and the results showed no significant differences between groups. This study included individuals with PAD from both sexes, with different physical characteristics, and who were taking various antihypertensive therapies; these factors may have influenced the responses observed in this study. However, patients with PAD have different characteristics, and hypertension and the use of antihypertensive therapy are frequent in clinical practice. Thus, including these patients in the present study increased the possibility of practical applicability of the results. However, future studies should investigate these responses in specific subpopulations of PAD patients.
Patients were subjected to some familiarization sessions before the experiments, which might have produced some training effect. However, the exercise stimulus was very low during familiarization, and both control and exercise sessions were conducted after this familiarization. Thus, it is unlikely that the familiarization sessions elicited a training effect. Ambulatory BP was assessed in the arm with higher BP instead of the nondominant arm as usual. This procedure was performed to reduce the probability of having atherosclerosis in the arm of measurement. As the same arm was used in both experimental sessions, and as ambulatory data were only accepted if more than 85% of the measures were taken successfully, it is unlikely that the arm used to measure BP influenced the results of the study. Finally, the 24-h BP after resistance exercise in PAD Rodrigues et al. 69
duration of drug therapy before the study was not controlled in this study; thus, whether the cardiovascular responses after resistance exercise were affected for the time under drug therapy cannot be determined. However, drug therapy was not changed after study enrollment, which means that medication was maintained stable by all the patients for at least 3 weeks.
Conclusion
A single bout of resistance exercise decreased BP, heart rate, and myocardial oxygen demand until 1 h after exercise under clinical conditions, but it did not modify ambulatory cardiovascular variables during 24 h in patients with PAD.
